Methods. The investigation was conducted in Iraq and Kuwait, in the 2 military hospitals where the majority of injured service members were initially treated. After initially characterizing the outbreak, we evaluated 3 potential sources of infection for the period March 2003 to December 2004. The evaluation included screening samples that were obtained from the skin of patients for the presence of colonization and assessing the soil and health care environments for the presence of A. baumanii-calcoaceticus complex organisms. Isolates obtained from samples from patients in US Military treatment facilities, as well as environmental isolates, were genotypically characterized and compared using pulsed-field gel electrophoresis.
Military's combat operations in Iraq known as Operation Iraqi Freedom (OIF), a marked increase was observed in the number of multidrug-resistant ABC infections among inpatients at Landstuhl Regional Medical Center (LRMC; Landstuhl, Germany) and at Walter Reed Army Medical Center (WRAMC; Washington, DC). Most injured service members were initially treated at these 2 facilities after evacuation from Iraq. Many of these infections were detected at or soon after hospital admission to LRMC or WRAMC, but the source of the infections was not apparent [4] . Here we present the results of our investigation of several possible sources for this outbreak, which include preinjury skin colonization, introduction at the time of injury from environmental soil contamination, and acquisition after injury during treatment in health care facilities.
MATERIALS AND METHODS

Characterizing the Outbreak
From March through October 2003, we used an electronic data collection form to gather demographic, clinical, and microbiological data for the initial 70 inpatients at LRMC and WRAMC who had clinical culture results that were positive for ABC. Data sources included paper medical records, electronic medical records (Clinical Information System; CliniComp), the Composite Healthcare System computerized hospital information system, and the Vitek 1 and 2 (bioMérieux). We also collected information on the specific movements through the military aeromedical evacuation system of 19 (27%) of these 70 patients using the Department of Defense Transportation Command Regulating and Command and Control Evacuation System (TRAC2ES) [5] .
Outbreak Source Investigation
Evaluation for ABC skin colonization. We evaluated 2 independent groups. From 23 September through 20 October 2004, we screened 96 ambulatory US casualties who had been evacuated from Iraq to LRMC and who had no known prior hospitalization in Iraq. From 25 October through 23 December 2004, we screened 102 casualties (including both US and Iraqi patients), either at initial presentation to the Emergency Treatment Area or at admission to the intensive care unit in the US Military field hospital in Baghdad (Iraq). We used either a single culture swab (BBL culturette with liquid Amies; BD Diagnostics) to sample the skin in both the axilla and groin areas, or 2 swabs to sample the axilla and groin areas separately.
Environmental sampling (soil and health care facilities). We obtained samples from the environment in 5 field hospitals in Iraq (Baghdad, Dogwood [located southwest of Baghdad], Mosul, Tikrit, and Balad) and 2 field hospitals in Kuwait. At Field Hospital Baghdad, a facility that had a clinical microbiology laboratory, the laboratory officer conducted periodic environmental sampling of selected treatment areas by passing cotton-tipped transfer swabs over sample surfaces. At the other field hospitals (none of which had a microbiology laboratory), environmental sampling was performed using a standardized sampling protocol developed for this investigation. Sampling kits, containing 25 swabs, were used to sample selected surfaces in and around treatment areas and the soil environment within 25 m of the field hospital. Copan Venturi swabs (Copan Diagnostics) were passed over sample surfaces, labeled, and shipped at room temperature by express courier to WRAMC for processing. A total of 49 soil samples were evaluated; 18 soil samples were collected during environmental sampling using the standard protocol and 31 were archived soil samples. The archived soil samples were collected during the period March 2003 through December 2004 from locations throughout Iraq and Kuwait during routine combat theater environmental assessment. The archived soil samples were stored in screw-top Teflon jars (Savillex) at 2ЊC-6ЊC at the US Army Center for Health Promotion and Preventive Medicine (Aberdeen Proving Ground, MD).
Laboratory Isolation and Species Identification
Environmental sample swabs obtained from Field Hospital Baghdad were streaked across BBL trypticase with 5% sheep blood and BBL MacConkey agar (Becton Dickinson) and incubated at 35ЊC for 18-24 h. All other sample swabs were streaked across BBL MacConkey agar and incubated at 35ЊC for 18-48 h. Cotton-tipped swabs moistened with BBL trypticase soy broth (BD Diagnostics) were placed in soil samples and streaked across BBL trypticase with 5% sheep blood and BBL MacConkey agar and incubated at 35ЊC for 72 h. Organisms were identified as ABC using standard automated biochemical testing methods [6] . All available isolates were further identified using 16S rDNA sequencing and compared with reference standards [7] .
Phenotypic and Genotypic Characterization
All environmental and soil isolates obtained during the field sampling, as described above, and isolates from inpatients treated from March through October 2003 at 4 locations (Field Hospital Baghdad, US Naval Ship Hospital USNS Comfort, LRMC, and WRAMC) were collected for phenotypic and genotypic characterization.
Molecular Typing
Clinical and environmental isolates were strain-typed using PFGE (CHEF Mapper; Bio-Rad Laboratories) according to protocol, with modifications for Acinetobacter species [8] . Acinetobacter species DNA was digested with ApaI (New England BioLabs). PFGE was performed with a 6.0 V/cm gradient, at a 120Њ angle, at 14ЊC, and with 7-20-s pulse times, for 18.5 h. Gel images were analyzed using BioNumerics software (Applied Maths). ABC strains with 190% similarity on the basis of Dice coefficients were considered to be related.
Antimicrobial Susceptibility Testing
A random sample of the clinical isolates that were collected from inpatients at WRAMC and that were representative of the total genotypic diversity of the investigation and all available health care environment and soil isolates were tested for antimicrobial susceptibility using the Clinical and Laboratory Standards Institute broth microdilution procedure using inhouse, prepared frozen MIC panels [9] . Results were interpreted using Clinical and Laboratory Standards Institute breakpoints [10] . Intermediate susceptibility was classified as resistant.
Human Subjects Research Review
This work was conducted as a public health activity other than research and under an Institutional Review Board-approved protocol. Investigators adhered to the policies for protection of human subjects as prescribed in Title 45 Code of Federal Regulations part 46.
Statistical Analysis
The x 2 test or Fisher's exact test was used to compare proportions. All reported P values were 2-sided. Statistical analysis was performed using Stata software, version 8.0 (Stata Corporation).
RESULTS
Characterizing the outbreak. Most of the initial 70 patients who were identified were young (age, !35 years), male Army soldiers who were wounded in combat operations in Iraq. They required у1 surgical intervention, including fracture fixation (50%), laparotomy (25%), and amputation (20%); 54% re- We could not determine from the available data whether isolates collected from nonsterile sites were causing infection or colonization
Patients were treated at several facilities during aeromedical evacuation from Iraq. These included field medical facilities in Iraq; the USNS Comfort, which was positioned in the Persian Gulf; US Naval Hospital in Rota, Spain; LRMC; and WRAMC (figure 1). For the subset of 19 patients for whom detailed evacuation information was available, the mean number of facilities where patients were treated prior to admission to either LRMC or WRAMC was 3.7 (range, 2-5 facilities). On average, patients reached one of these facilities within 5.7 days after injury.
Evaluation for ABC skin colonization. No ABC skin colonization was detected in the group of 96 evacuated ambulatory US patients. Skin colonization by ABC was detected in 1 (2%) of 64 US patients and in 4 (11%) of 38 Iraqi patients who were screened at the time of presentation to Field Hospital Baghdad.
Environmental sampling (soil and health care facilities). A total of 37 ABC isolates were obtained during the period of sampling in and around 7 field hospitals in Iraq and Kuwait. Thirty-six were isolated from samples of the field hospital environment, and 1 was isolated from soil surrounding the field hospital. Most (68%) were collected in critical care treatment areas (11 from intensive care units, 7 from operating rooms, and 7 from emergency departments). In patient care areas, ABC ), the emergency medical treatn p 2 ment (EMT) area, the hospital logistics areas ( ), the dining facility, and n p 2 the shower facility; from environmental control units (ECUs; heaters or air conditioners) located in the operating rooms ( ), the preoperative area, n p 2 the operating room clean medical supply area, the operating room break area, the ICUs ( ) and EMT area, the radiography department, the laboratory, n p 2 and the Patient Administration Division area; from sinks in the laboratory, the blood bank, the radiography department, the EMT area, the specialty clinic, and the ICUs; from the laundry drainage bin, the preoperative area (not otherwise specified [NOS]); from a patient bed or litter in the EMT area, the ICUs, and the specialty clinic; and from the dental clinic (NOS), the pharmacy (NOS), the laboratory ECU's dripline, shower drainage, and the hand wash station at the latrine.
isolates were recovered from operating room equipment ( 
Twenty-five (20%) of the 125 environmental samples collected from the Dogwood, Mosul, Tikrit, and Balad hospital locations yielded ABC isolates. Detailed records of the sampling conducted were only available from Dogwood and Balad (table  1) . Among positive samples (8 total) from these 2 field hospitals, 6 (17%) of 36 were from patient care areas and 2 (8%) of 36 were from other locations.
Phenotypic and genotypic characterization. Thirty-seven environmental and soil isolates and 170 isolates from 145 inpatients (121 US and 24 non-US inpatients) who were treated between March and October 2003 at 4 locations (Field Hospital Baghdad, US Naval Ship Hospital USNS Comfort, LRMC, and WRAMC) were collected for phenotypic and genotypic characterization.
Species identification. A total of 201 of the 207 isolates (37 of 37 environmental isolates and 164 of 170 clinical isolates) were identified using 16S rDNA sequencing. One hundred ninety-seven isolates (98%) were ABC organisms. Among the clinical isolates, 86 (52%) were A. baumannii and 78 (48%) were other ABC organisms (unnamed Acinetobacter species). Among the environmental isolates, 7 (19%) were A. baumannii, 26 (70%) were ABC excluding A. baumannii, and 4 (11%) were Acinetobacter species not including ABC species. The 1 ABC isolate identified in a soil sample was an unnamed other Acinetobacter species.
Molecular typing. A total of 204 of the 207 isolates (34 of 37 environmental isolates and 170 of 170 clinical isolates) were characterized using PFGE. There were 66 different PFGE strains identified among the 170 clinical isolates and 25 different PFGE strains identified among the 34 environmental isolates. There were 5 cluster groups (in which у1 environmental isolate was genetically related to patient isolates) ( figure 2 and table 2 ). The largest cluster group (cluster group A) included 45 isolates from 43 patients treated at 4 different US Military hospitals and a genetically related environmental isolate obtained from an operating room at Field Hospital Baghdad. This group included isolates from both US and non-US patients and from both OIF casualties and inpatients in US Military hospitals with no link to OIF. In the other 4 cluster groups, environmental isolates from critical care treatment areas in 4 other field hospitals were related to isolates from 13 OIF patients who were hospitalized at WRAMC and LRMC (table 2) .
Antimicrobial susceptibility testing. The clinical isolates from WRAMC ( ) showed broad resistance to fluoron p 98 quinolones (33% susceptible), cephalosporins (22% susceptible), and piperacillin/tazobactam (11% susceptible). Only imipenem (90% susceptible), polymixin B (99% susceptible), and colistin (99% susceptible) yielded high susceptibility rates. Environmental isolates ( available) were generally more n p 35 susceptible than clinical isolates (table 3) .
DISCUSSION
ABC organisms have been identified as causes of infection among critically ill patients with traumatic injuries, both in war and in situations of natural disaster [11] [12] [13] . Some prior reports have attributed the source to environmental exposure, whereas others have associated these infections with hospital acquisition [11] [12] [13] . Soon after the initiation of OIF, there was a dramatic increase observed in the number of ABC infections among patients in the US Military health care system. Most of the infections were caused by highly antimicrobial-resistant organisms and occurred in patients who were critically ill and who had severe traumatic injuries. Our investigation was undertaken to determine the source of the infections, to help guide the implementation of preventive and infection-control measures. We hypothesized that infection may have resulted from у1 of 3 sources: preinjury skin colonization, introduction of the organism at the time of injury, and acquisition after injury during treatment in health care facilities. Our findings suggest that the source of this outbreak of multidrug-resistant ABC infection is likely multifactorial, and that the primary source is nosocomial transmission of organisms occurring in field hospitals.
Because only 1 of 160 US soldiers who were screened was colonized with ABC, we concluded that it was unlikely that preinjury skin colonization was a major contributing factor in this outbreak. We isolated only 1 ABC organism from 49 soil samples evaluated, and it was not genetically related to any of the clinical isolates. Had soil inoculation at the time of injury been the major source of infection, we would have expected to see a preponderance of isolates from samples taken from wounds; rather, we collected a significant number of isolates from nonwound sources. Thus, we concluded that introduction of the organism from environmental contamination at the time of injury was a possible, but unlikely, source of the outbreak. These findings are consistent with findings by Murray et al. [14] that Acinetobacter species were not isolated from wounds immediately after or soon after injury from casualties who were treated at a US Military field hospital in Iraq.
Our data do support a role for environmental contamination and transmission of organisms within health care facilities. ABC organisms were isolated from patient treatment areas in all 7 field hospitals sampled. Using PFGE, we identified 5 ABC cluster groups, each of which included isolates from у1 hospitalized patient that were genetically related to an environmental isolate recovered from a field hospital. Furthermore, strain typing demonstrated that clinical isolates recovered from 3 patients hospitalized at a military medical facility in the United States who had not been deployed to OIF were genetically related to an environmental isolate recovered from a field hospital in Iraq. Additionally, our findings that the ABC isolates obtained from environmental samples were generally more antimicrobial susceptible than those isolates obtained from clinical specimens suggest that selective antibiotic pressure caused by treatment of patients with broad-spectrum antimicrobial agents may have contributed to the degree and complex nature of the multidrug resistance that we observed [15] . Last, the finding that non-US patients who presented to Field Hospital Baghdad had higher skin colonization rates than did US patients suggests the possibility that these patients, who typically experienced longer hospital stays in field hospitals and who were often transferred between US and Iraqi hospitals, may have served both to introduce the organism to US field hospitals and as a transmission reservoir. The higher rates of infection with ABC organisms observed among non-US inpatients, compared with US inpatients at Field Hospital Baghdad by Yun et al. [16] , supports the hypothesis that non-US patients with prolonged stays in US field hospitals may have served as potential reservoirs of health care-associated infection. Our findings highlight the emerging challenges that Acinetobacter species pose to both military and civilian health care settings. First, Acinetobacter species can persist in the environment for long periods, and environmental contamination has been implicated as the source of many health care-associated outbreaks [17] [18] [19] [20] . The challenge posed by an environmental reservoir is greatly enhanced in the combat situations in Iraq. The temporary nature of field hospitals amidst desert environmental field conditions make environmental cleaning more difficult, while the frequent influxes of large numbers of casualties over short periods of time increases the risk of environmental contamination with Acinetobacter species and challenges the implementation of standard infection-control practices. Second, multidrug resistance frequently limits treatment options. Only imipenem and the polymyxins had in vitro activity against 190% of the organisms tested. Consequently, clinicians relied on colistin, an older antimicrobial agent with a reported history of considerable toxicity [21] , to treat a number of infections in this outbreak.
Several important limitations of this investigation must be considered. First, detailed information regarding injury date, location in Iraq where injury was sustained, initial treatment facilities, and evacuation route was available for only a small group of patients. Secondly, all isolates were not available for study; this may have limited our ability to identify additional strains that were common to patients and the environment. Third, the storage duration and conditions of the archived soil samples may have resulted in limited recovery of soil isolates. In addition, we are unable to determine how representative these soil samples are of all the possible different soil inocula that could have been introduced in wounds at the time of injury. Thus, our findings may underestimate the significance of soil as a source in this outbreak. Fourth, field hospital sampling was not uniformly performed, and sample records were incomplete. This limits direct comparisons of the extent of contamination among areas within a field hospital and among different field hospitals. Fifth, most patients had extensive exposure to health care facilities before they reached a facility where surveillance and diagnostic cultures were performed. This limits our ability to classify infections using definitions of nosocomial transmission on the basis of the duration of exposure to a hospital environment. Sixth, data that identified isolates as causing infection or colonization were not uniformly collected. This further limits our ability to identify likely sources of acquisition and transmission. Last, the observed difference in colonization rates between non-US and US patients presenting to Field Hospital Baghdad may reflect small sample sizes, rather than true differences. Staff in military hospitals in the United States have responded NOTE. Antibiotic susceptibility testing was performed using broth microdilution.
to this outbreak by reemphasizing infection-control procedures, including strict hand hygiene, contact isolation, patient cohorting, judicious antimicrobial use, active surveillance for ABC colonization, and increased staff education. In US field hospitals in Iraq, maintaining dedicated operating rooms for patients who are known to be infected with ABC, intraoperative wound dressing management, cohorting of infected patients when possible, instating antibiotic prescribing guidelines, and pursuing the continual education of staff have been implemented. These measures have limited health care-associated transmission within WRAMC; however, rates of colonization with ABC at admission for patients involved in OIF who were hospitalized at WRAMC have remained stable. The implementation of infection-control measures in field hospitals remains challenging. Advances in battlefield surgical care have improved combat casualty survival [22] [23] [24] . To continue to improve the outcomes of these casualties, limiting transmission of health care-associated infections like those due to multidrug-resistant ABC is necessary. Even under the controlled setting of a permanent, noncombat hospital, management of outbreaks of Acinetobacter infection is difficult [25, 26] . Even greater challenges exist in the combat setting. Regardless of how Acinetobacter species initially enters the military health care system, novel infection control strategies may be needed to help limit the spread of multidrug-resistant organisms, such as ABC, in field hospitals. These advances will have important implications for both military and civilian hospitals, and may lead to better control of all health care-associated pathogens.
